The ventricular gradient vector was determined in normal persons and in cases with left and right bundle branch block (BBB) by means of the best fit method from body surface potential mapping data. Similar measurements were also made in cases with artificial ventricular pacing and the G vector during sinus rhythm was compared with that of the paced beats. Results indicated that the magnitude of the G vector in cases with BBB was smaller than in normal persons. The directional change in the G vector was found to be along the direction of the QRS change in the majority of cases with left BBB. In right BBB, the direction of the G change was variable but the angle between the QRS change was less than 90 degrees on average. Following right ventricular pacing a small increase of the G magnitude was observed acutely, which was opposite in direction to the QRS change. Possible mechanisms are discussed. The G changes in left and right BBB are considered to be based on certain chronic processes, different from those involved in the acute immediate effect of altered activation. (Jpn Heart J 1997; 38: 361-368) 
The present study was undertaken to evaluate the preservation of the G vector with different activation sequences in clinical cases. Body surface potential mapping was performed to obtain the G vector by the best fit method, to minimize measurement errors. In addition, dipolar approximation of the ventricular gradient was evaluated with non-dipolar components of the surface potentials.
METHODS
The study group consisted of 10 normal persons cases with left bundle branch block (BBB) and 10 cases with right BBB. Past history, physical examination and chest X ray were all negative in cases with
Body surface potential mapping was performed with ordinary ECG amplifiers at 128 electrodes on the thoracic surface ( Figure 1 ).
Signal averaging was performed for several beats with triggering at the peak of the derivative of the QRS complex. For each of the unipolar surface leads, 8-bit AD conversion was performed over the entire cardiac cycle at 2msec intervals.
To obtain the ventricular gradient, the integration of the unipolar ECG was performed for each lead from the beginning of the Q wave to the end of the T wave. The QRS area was also determined up to the end of the QRS complex. The range of integration was decided at inspection of the tracing. The isoelectric level was also obtained by inspection of the diastolic period before and after the beat. The QRS and G vectors were calculated from 128 values at a fixed location within the cardiac region, in order that the dipolar force will explain the 128 values with minimal rms errors by forward calculation. The boundary element method was used for the forward calculation. Errors were expressed as the resi- An additional 6 cases with artificial pacemaker were similarly examined during sinus rhythm and during right ventricular pacing at a slightly higher rate.
The effect of acute change in the ventricular activation on the G vector was examined.
RESULTS
The dipolarity of the ventricular gradient was indicated by the residue value in each case. In normal persons, this was relatively small and was less than 0.4 in all cases but one. In bundle branch block, the residu value was larger, especially in right BBB, which may be related to abnormalities of excitation and also to the calculation with a fixed dipole location in this study. A moving dipole representation could give smaller nondipolar components. Usually, the residue is larger Table I . Figures 2 to 4 show frontal and horizontal projections of the G and QRS vector in each case.
The average G magnitude of our normal subjects was 128
Our method was also applied to the standard surface mapping data based on a large number of normal values reported by the committee of the Japanese Circulation Society,7) to give a simular G value. The magnitude of the G vector was found to be smaller in cases with BBB In other words, the G vector is not strictly preserved following alterations of activation. In Tables II and III, when plotted with the same origin. In left BBB (Table II) , angle on average and was less than 90 degrees in 9 of 10 cases. Hence, the G change was roughly along the QRS change. In other words, the secondary T change was not enough to compensate the QRS change, resulting in a G change along the Jpn Heart J May 1997 QRS change. In right BBB (Table III) , the relation was less obvious and the angle was over 90 degrees in 3 cases. However, the average value of the angle was 75 degrees, indicating an overall tendency of the G change to be along the QRS change. The relation between which was calculated from the original 128 leads, independent of the dipolarity of the G, as the angle between the dipolar approximation of G and QRS. Table IV shows the results of acute changes due to RV pacing in 6 cases.
vectors are the deviations of paced beats from the sinus beats.
The QRS vector was shifted superiorly in all cases. In contrast to BBB cases, G vector was larger and inferiorly shifted in paced beats. The DISCUSSION Preservation of the G following the alteration of activation sequences is a fundamental for the G concept and is based on the action potential proper to the local myocardium. However, it has been rather difficult to confirm the degree of constancy of the G because of the susceptibility of the measurement to errors. Recently, progress in electronic equipment and computer technique seems to make it possible to quantitate the G value in clinical cases. The determination of the G vector from 128 surface electrodes by the best fit method will also help to minimize errors.
Strictly, the G is not a dipolar quantity. But the G vector is the integral of the G density or the gradient of the area under the action potential of local myocardium8,9) and will show a clear view of the general tendency as the first approximation. The residue value as an index of nondipolar components was not considered to be large enough to negate the use of the G vector.
The normal G vector magnitude obtained in this study was somewhat larger than found in our previous direct measurements2) with the Frank lead. Values in this study are indirect and based on the assumption of the resistivity and lead vectors of the human body. Hence, only the comparison was made only with abnormal cases determined by the same method.
The G magnitude in left BBB was found to be not exactly preserved, but significantly smaller in this study. The direction of the G change was related to the QRS change, which was also confirmed with 128-dimensional analysis. In right BBB, the G-QRS relation was less clear, probably due to the less massive change in the QRS vector. However, a similar tendency was observed in cases of left BBB. The smaller G magnitude in our cases with BBB may be due in part to the higher age of the group. But a QRS dependent change suggests mechanisms related to activation sequences.
On the other hand, acute change in activation due to ventricular pacing produced a different result. The G in paced beats was somewhat larger than that of sinus beats and the direction of change was opposite to that of the QRS change. In spite of the simple and acute nature of the changes, the reason is not clear. One of the possibilities is an electrotonic effect around the pacing electrodes, which are located on the right ventricular endocardial surface. Prolongation of the action potential in the region of the stimulating electrode has been reported.4) Under right ventricular pacing, all of our cases showed a superiorly directed QRS vector, whereas the G change was mostly downward.
It was realized that the G change due to alterations of ventricular activation was not uniform and different mechanisms seemed to be involved. Among them , acute immediate effects should be distinguished from long-term effects. Acute effects include2,10) the heart rate changes, prematurity of ventricular beats, positional changes during systolic and diastolic periods and electrotonic effect of neighboring cells.4) As a long term effect of altered activation, abnormalities in repolarization waves have been reported in intermittent left BBB5) and WPW syndrome.12,13) We also reported pacing-induced T-wave changes.14) Several days or weeks are usually required for the manifestation of the effect. A QRS-related G change in BBB cases in this study appears, although not very pronounced, often to be associated with a similar direction of ST-T changes and similar mechanisms may be involved. Mechanisms such as alteration of one of the K+ channels15) and mild local anoxia14) have been proposed. Although the present results do not suggest any specific cellular mechanism, the relationship between may provide a clue for further investigation. However, the observed QRS dependency of G in BBB is not a generally related to alterations of ventricular activation, as indicated by our findings in cases with ventricular pacing.
